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ABSTRACT 

Context. Knowledge of the mass function in open clusters constitutes one way to critically examine the formation mechanisms pro- 
posed to explain the existence of low-mass stars and brown dwarfs. 

Aims. The aim of the project is to determine as accurately as possible the shape of the mass function across the stellar/substellar 
boundary in the young (5 Myr) and nearby (d = 145 pc) Upper Sco association. 

Methods. We have obtained multi-fibre intermediate-resolution (R~1100) optical (~5750-8800A) spectroscopy of 94 photometric 
and proper motion selected low-mass star and brown dwarf candidates in Upper Sco with the AAOmega spectrograph on the Anglo- 
Australian Telescope. 

Results. We have estimated the spectral types and measured the equivalent widths of youth (Ha) and gravity (Na I and K I) diagnostic 
features to confirm the spectroscopic membership of about 95% of the photometric and proper motion candidates extracted from 6.5 
square degrees surveyed in Upper Sco by the UKIRT Infrared Deep Sky Survey (UKIDSS) Galactic Clusters Survey (GCS). We also 
detect lithium in the spectra with the highest signal-to-noise, consolidating our conclusions about their youth. Furthermore, we derive 
an estimate of the efficiency of the photometric and proper motion selections used in our earlier studies using spectroscopic data ob- 
tained for a large number of stars falling into the instrument's field-of-view. We have estimated the effective temperatures and masses 
for each new spectroscopic member using the latest evolutionary models available for low-mass stars and brown dwarfs. Combining 
the current optical spectroscopy presented here with near-infrared spectroscopy obtained for the faintest photometric candidates, we 
confirm the shape and slope of our earlier photometric mass function. The luminosity function drawn from the spectroscopic sample 
of 113 USco members peaks at around M6 and is flat at later spectral type. We may detect the presence of the M7/M8 gap in the 
luminosity function as a result of the dust properties in substellar atmospheres. The mass function may peak at 0.2 M Q and is quite 
fiat in the substellar regime. We observe a possible excess of cool low-mass brown dwarfs compared to IC 348 and the extrapolation 
of the field mass functions, supporting the original hypothesis that Upper Sco may possess an excess of brown dwarfs compared to 
other young regions. 

Conclusions. This result shows that the selection of photometric candidates based on five band photometry available from the 
UKIDSS GCS and complemented partially by proper motions can lead to a good representation of the spectroscopic mass function. 

Key words, technique: spectroscopic — stars: low-mass, brown dwarfs; stars: luminosity function, mass function — galaxy: open 
clusters and associations: individual (Upper Scorpius) 

1. Introduction estimated as accurately as possible for all members in open 

clusters and star-forming regions. The advent of large opti- 

Firm knowledge of the form of the Initial Mass Function i.e cal charge-Coupled Devices (CCDs) and infrared detectors has 

tjjenumber of objects as , a function i of mass (IMF; | Salpetei| facilitated the stud of numer ous regions with different ages, 

ll955t | Miller & Scalo || 1979t | Scalo || 1986|) is vital to understand- densitieSi and histories . However, the samples of photomet- 

ing the formation of low-mass stars and brown dwarfs. To ad- ric candidates confirmed spectroscopically in those regions for 

dress fundamental issues like the universality of the IMF (or an unbiased estimate of the IMF over a large mass range re _ 

otherwise its dependence with environment, time and/or any mains Hmited although these ^ growing rapidly Complete 

other factor), masses and effective temperatures (T eff ) must be spectroscopic mass functions over the full mass range probed 

by the associated photometric surveys have bee n presented in 

Send offprint requests to: N. Lodieu the re gion of the Trapezium Cluster by iLuhman et all 

Based on observations obtained with the AAOmega spectrograph 2QQQ) and slesnick gt ^ 2(m and ^ t0 photome tric 

1 ^t" g ^T ? SerVat ° ry , r estimates (Hillenbrand & Carpenter 2000; Muenchetal. 2002). 

Table B.l and optical spectra are only available in electronic form „. ... „ : T~T T .-,„,„ , , , 

at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or Similarly, the Taurus region and the IC 348 cluster have been 

via http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/ targeted photometrically and spectroscopically down to the sub- 
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stellar regime dLuhmanl2000l: Briceno et al.l2002tlLuhman et al.1 
2003a b). More recently. iLuhmanl (120071) updated the census of 
low-mass stars and brown dwarfs in Chamaeleon I star-forming 
region based on optical and near-infrared spectroscopy. The de- 
rived mass function in those regions would suggest a dependence 
on environment of the IMF since the peak in the luminosity func- 
tion of Taurus is at higher mass es than in the Tr apezium Cluster 
and IC 348 (0.8 vs 0. 1-0.2 M, dLuhmanll2004bl) . 

The Upper Sco association (hereafter USco) is part of 
the Scorpius Centa urus OB association: it is located at 145 
pc from the Sun dde Bruiine et al.l 1 19971) and its age is esti- 
mated t o be 5+2 Myr from isochro ne fitting and dynamical 
studies (Preibi sch & Zinn ecker 2 0021). The association was tar- 
geted in X-rays dWalter et al.ll994tlKunkelll999tlPreibisch et al 



1998), with Hipparcos dde Bruiine et al.l 1 1 997t Ide Zeeuw et al. 
19991). and more recently a t optical ( Preibisch et al.l 1200 U 
Preib isch & Zinneckerl 120021 lArdila et all l2000t iMartfn et al 
2004; Slesnic k et al.l 120061) and near-infrared dLodieu et ak. 
200l [2007b) wavelengths. As a result of the latest surveys, sev- 



eral tens of brown dwarfs were confirmed spectroscopically as 
members of the associatio n (Martin et al. 2004; Slesnick et al. 
2006; lLodieu et al l l2006t ISlesnick et ail 120081: iLodieu et al.1 
2008; iMartin et alTl2010h . resulting in a total of 92 substel- 
lar members d i vided into 76 M6-M9, and 16 L0-L2 dwarfs. 
Sles nick et al.l d2008l) presented the first spectroscopic mass 
function in USco over the full area of the association down to 
M=0.02 M . 

In this paper we present follow-up multi-fibre optical spec- 
troscopy of low-mass star and brown dwarf candidates extracted 
from 6.5 square degre es targeted by the UKT RT Infrared Deep 
Sky Survey (UKIDSS; lLawrence et al.ll2007l) Galact ic Clusters 
Survey (GCS) and published in lLodieu et alld2007bl) . In Sect. [2] 
we define the various samples of targets included in our spec- 
troscopic follow-up. In Sect. [3] we describe the spectroscopic 
observations made with the AAOmega instrument installed on 
the 3.9-m Australian Astronomical telescope (AAT) and the data 
reduction. In Sect. [4] we assess the membership of the photo- 
metric candidates based on their spectral type, their chromo- 
spheric activity, and the strength of gravity-sensitive features. 
A similar analysis is presented for a sample of photometric non- 
members to estimate the reliability of our original photometric 
and proper motion selections in Sect. [5] In Sect. [6] we derive ef- 
fective temperatures, bolometric luminosities, and masses for all 
USco members and compare the spectroscopic luminosity and 
mass functions in the low-mass and brown dwarf regimes to pre- 
vious studies in USco and other regions. 



2. The samples 

Our sample consists of three groups of objects: firstly photomet- 
ric USco ca ndidates selected fro m the UKIDSS GCS Science 
Verification dLodieu et al. 2007b); secondly, a few known spec- 
troscopic members falling i n the instrument fie l d-of-view and 
publi shed in the literature (Mar tinet all l2004t ISlesnick et al.1 
2006), and, finally a sample of photometric non-members. 

The first sample consists of U Sco photometric candidates se- 
lected from lLodieu et al.l d2007b). Out of the original 129 can- 
didates, 114 are brighter than Z = 17.5 mag, corresponding to 
masses in the range 0.6-0.03 M Q at the age and distance of 
USco. We were able to obtain spectra for 94 candidates out 
of 114, implying a spectroscopic completeness of 82%. Table 
IA.5l lists the main properties of all 90 candidates targeted with 
AAT/AAOmega and subsequently confirmed as spectroscopic 



members, including coordinates, /-band magnitudes^, equiva- 
lent widths for the Ha line and the Na I and K I doublets, spec- 
tral indices, spectral types, effective temperatures, luminosities, 
and masses. For the Na I and K I doublets we give the equiv- 
alent width of the doublet and not of each line that constitutes 
the doublet although they are resolved at the resolution of our 
spectra. For completeness, we have added to Table |A31 the 19 
sources confirmed as s pectroscopic m embers in the near-infrared 
with Gemini/ GNIRS (ILodieu et al.ll2008l) and identified photo- 
metrically by lLodieu et al.l d2007bPl We should mention that 
five photometric candidates included in the AAOmega survey 
are common to our earlier near-infrared spectroscopic follow-up 
dLodieu et al.ll2008l) . 

The second sample consists of five known spectroscopic 
members with spectral types estimated from optical data with 
an ac curacy of half a subclass: DENIS 16 10-22 12 dMartfn et al.l 
l2004h . SCH161 1 -2217, SCH1612-2 349, SCH1612-2338, and 
SCH1613-2305 dSlesnick et al.ll2006l) . These five objects fell in 
the AAOmega field-of-view and serve as spectral templates for 
assigning spectral types to our candidates. Table Q] provides the 
full coordinates, /-band photometry, equivalent width measure- 
ments (in A) of the Ha emission line and the gravity sensitive 
doublets (Na I and K I), as well as spectral types and names as 
quoted in the literature. The previously known members are not 
plotted in Fig.Q]because no Z-band magnitudes are available for 
them as they lie outside t he UKIDSS GCS field-of-view (see Fig. 
4 in lLodieu etaDl2007bh . 

The third sample contains 624 sources we originally rejected 
as members of USco based on their location in vari ous colour- 
magnitude diagrams (Fig. 5 of lLodieu et al.ll2007bl) . Two sub- 
samples were selected to match the magnitude range of the USco 
photometric candidates. First, a bright sample which consists of 
269 sources with Z = 12-14.5 mag and Z - / colours redder 
than 0.7 mag (only 4 have Z - / <0.7 mag; Fig. [I). Second, a 
faint sample is made of 355 objects with Z = 14.5-17.5 mag and 
selected to the right of a straight line going from (Z - /,Z) = 
(0.8,14.5) to (1.2,17.5). These objects are shown as crosses in 
Fig.H] 



3. Spectroscopic follow-up of USco candidates 

3.1. Spectroscopic observations 

We have obtained low-resolution multi-fibre optical spec- 
troscopy of 94 photometric and proper motion selected low-mass 
star and brown dwarf candidates in USco as well as a sample 
of photometric non members (Sect. [2]> with the A AT/AAOmega 
spectrograph dLewis et al.ll2002t ISharp et alJl2006 lPI. AAOmega 
has a two degree field-of-view which is sampled by 400 fibres 
that feed a two-armed spectrograph. The projected diameter on 
the sky of each fibre is 2 arcsec a nd their minimum separation is 
30 arcsec (Misza lskiet"aT]l2006l) . On the red arm we have em- 
ployed the 385R grating to cover the wavelength range 5700- 
8800 A (the exact coverage depends slightly on the position of 
the fibre on the spectrograph slit) at a resolution of R~1350. 



1 the full ZYJHK photometry is p ublished inlLodieu et all <2007bh 

2 23 candidates we re presented in lLodieu et al.1 112 008): 20 are from 



ILodieu et al.1 {2007b) and three from Lodieu et al. ( 2006) . Two were 
classifie d as non members among the 20 candidates from lLodieu et al.l 
(2007b) but one is now reclassified as a member after optical spec- 
troscopy (see Sect. 14.5b 

3 More details on the AAOmega spectrograph can be found at the 
URL : http ://w w w. aao . gov. au/A AO/as tro/2df. html 
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Tabl e 1. Known s pectroscopic members in the AAOmega field used as templates. References: (1) iMartm et alJ (120041) : (2) 
ISlesnick et all (12006) 
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Fig. 1. (Z - J,Z) colour-magnitude diagram for all objects in the 
AAOmega field-of-view (crosses) along with the new USco can- 
didate members presented in this paper (filled dots) and pho- 
tometric candidates lacking spectroscopy (open squares around 
filled dots). Overplotted are the nine objects cla ssified as proper 
motion non-members by lLodieu et alJ (l2007bl) and reclassified 
as spectroscopic members here (blue open triangles). Open red 
triangles represent a sample of stars in the AAOmega field clas- 
sified as photometric non members but with proper motions and 
equivalent width measurements consistent with young objects. 
Open green diamonds represent the four photometric candidates 
rejected as spectroscopic members after our AAOmega follow- 
up. 



Spectra covering the wavelength range 3740-5720 A, also at a 
resolution of R~1350, were simultaneously obtained on the blue 
arm where we employed the 580V grating. 

The observations were conducted during the nights 22-24 
May 2007 by one of us (PDD). Seeing and transparency were 
decidedly variable throughout this period. The first night was 
dogged by substantial amounts of cloud and poor seeing (2.5- 
3.0 arcsec). The next night was largely clear but seeing was again 
poor (2.5-3.0 arcsec). On the final night the sky was clear and the 
seeing was substantially better (0.8-1.5 arcsec). As this project 
was awarded an allocation of bright time, the moon was above 
the horizon for much of this period. 

The observations were made with four fibre configurations 
at two positions on the sky: the first field was centered approx- 



imately at (RA,dec) ~ (16 h 10 m ,-23°) whereas the second was 
positioned at (RA,dec) ~ (16 h 14 m ,-23°10'). Each field had a 
set-up for a sample of bright (Z = 1 1.5-14.5 mag) and faint (Z 
= 14.5-17.5 mag) targets. Each field included science targets 
i.e. USco photometric candidates, USco known members con- 
firmed spectroscopically by earlier studies, a sample of photo- 
metric non-members (or stars in the AAOmega field) picked-up 
randomly in the (Z - J,Z) colour-magnitude diagram as well as 
"sky" fibres (typically 50 per field). The UKIDSS images were 
checked to confirm that no sources was detected at the sky posi- 
tions down to the detection limit of the GCS (J ~ 19.6 mag). 

Single on-source integrations were set to 900 sec and 1800 
sec for the bright and faint samples, respectively. Total on-source 
integrations typically range from 75 min to 345 min for the 
bright sample and from 270 min to 720 min for the faint sam- 
ple. The total exposure time varies from target to target as ~20 
objects have only one spectrum and the others have two or more 
spectra (up to four). The data were reduced in the standard 
manner using the 2DFDR package provided by the Australian 
Astronomical Observatory. We have separated the various files 
(bias, flats, and objects) into directories and performed an au- 
tomated extraction of the one-dimensional spectra. More de- 
tails on the working s of the 2DFDR package are discussed in 
iReid & Parkerl(l2010l) . We have measured the pseudo equivalent 
widths of the Ha emission line and the gravity-sensitive features 
in each spectrum to look for variability. In summary, we present 
the combined spectra for 94 USco photometric and proper mo- 
tion candidates, five previously known members, 624 photomet- 
ric non-members, and allocated 225 fibres to a sky position. 



3.2. Spectral variability 



We observed some level of variability between spectra of the 
same source. Thirteen objects out 94 candidates identified in the 
GCS show one or two discrepant spectra. Similarly, we detect 
variability in SCH162-2338 among the five previously known 
members. These variations may be caused by several effects: in- 
homogeneity in the fibre response, chromatic variation in optical 
distortion, or intrinsic variability in the atmospheric properties 
of low-mass stars and brown dwarfs. We have obtained a total of 
233 spectra for the 94+5=99 sources and found that 13+1 = 14 
objects are affected by this spectral variability, implying a rate 
below 15%. Notably, most of the spectra affected show a signif- 
icant level of fringing beyond 7500 A. The final spectral clas- 
sification should not be affected by more than half a subclass 
because each object has generally two identical spectra and one 
or two discrepant. The discrepant datasets have been removed 
for the subsequent analysis. 
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Table 2. Summary details of spectroscopic non-members, including coordinates, photometry, proper motions, and approximate 
spectral types 
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Fig. 2. Combined optical spectra of USco members obtained 
with AAT/AAOmega. The full range of spectral types (M3.25- 
M8.5) probed by our spectroscopic follow-up is shown with in- 
creasing spectral types from top to bottom. Spectra are shifted 
along the y-axis by increments of 1 .2 for clarity. 



4. Membership assessment 

4.1. Spectral types 

Among our targets, we have included five previously known 
spectroscopically confirmed members with spectral types 
ranging from M5.5 to M7.5 (Table [Q [Martin et all l2004t 
Slesnick et al. 2006). These sources represent our "primary" 
templates as they were observed with the same instrumen- 
tal set-up as our photometric candidates. The direct com- 
parison of the spectra of these five members suggests that 
SCH161 1-2217, SCH1612-2338, and SCH1613-2305 have 
similar spectral types and are cooler than DENIS 1 6 1 0-22 1 2 and 
SCH1612-2349 whose spectra look very much alike (Table[T]i. 

In order to check their spectral types using the AAOmega 
spectra and to put our classification on an absolute scale, we have 



compared these five sources to young low-mass stars and brown 
dwarf s identified in the Chamaeleon I (M3-M9:lLuhmanl2 004a, 
120071) . J] Chamaeleon fM3 -M5.75: ILuhman & Steeghsl 12 004) 
and T aurus (M5.25-M9.5; iBricefio et al.l 119981: ILuhman et al I 
l2003al) star-for ming regions, and th e Oph 1622 -2405 binary 
(M7 . 25 & M8 . 75 ILuhman et al.l2007l) . The grid of spectral types 
available is fairly complete from M3 to M9.5 with a template 
every 0.25 subclass as follows: M3, M3.25, M4, M4.5, M4.75, 
M5, M5.25, M5.5, M5.75, M6, M6.25, M6.5, M7.25, M7.5, 
M8.25, M8.5, M8.75, and M9.50. We have revised the spec- 
tral types of the five USco members as indicated in Table Q] 
by comparing them directly to the templates aforementioned. 
Uncertainties on the spectral types are typically given by the 
spacing of the grid i.e. 0.25-0.5 subclass in most cases. The 
new spectral types match the previous estimates for known USco 
members within the uncertainties quoted by the earlier studies, 
except fo r SCH161 1-2217 fo r which we derived M6.5 instead 
of M7.5 (Slesn ick et al.l [2006). We favoured this direct compar- 
ison over the determination of spectral types using spectral in- 
dices defined in th e literature for field stars (e.g. the PC3 index; 
Marti n et~afl [l996) because they may not be reliable for young 
low-mass stars and brown dwarfs. 

Among our sample of 94 GCS candidates, we found two 
objects of spectral types earlier than M, arguing that they 
are spectroscopic non members, UGCS J161315. 65-232744. 2 
and UGCS J161209.48-223957.1 (Tabled To assign spectral 
types to the remaining 92 candidates, we compared their com- 
bined spectra to our spectral templates: SCH1612 -2305 (M6.5; 
[ Slesnick et all2 006) and DENIS 1 6 1 0-22 1 2 (M5.5: lM^trnetal] 
12004 . Then, we have compared the optical spectra to each 
other to create groups following a spectral type sequence. We 
have assigned a spectral type per group using young templates 
in Chamaeleon, Taurus, and Ophiuchus. We have found two 
sources with M2 spectral type which appear too faint for their 
spectral types. For this reason we consider them as non members 
in the rest of the paper. The spectral types span the M3.25-M8.5 
range and are listed in Table I A. 51 

Columns 1 and 2 of Table IA.5I provides the coordinates 
(J2000) and /-band magnitudes of 90 new spectroscopic can- 
didate members of the USco association. Columns 3-6, 7-10, 
and 1 1-14 give the measurements (up to four) of the pseudo- 
equivalent widths (in A) of the Ha line as well as the Na I and K 
I doublets, respectively, discussed in the following sections. We 
emphasise here that membership of the USco association is as- 
signed based on the various criteria available to us: photometry, 
proper motion, Her emission, gravity-sensitive features, lithium 
and magnesium lines when "available". The presence of con- 
taminants cannot be completely ruled out but their level should 
be extremely low when using a combination of all these criteria. 
A long dash line indicates that either no spectrum is available 
or the signal-to-noise ratio is too low to publish a reliable mea- 



Spectra kindly provided by Dr. Kevin Luhman 
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Fig. 3. Ha equivalent widths (EWs; in A) as a function of spec- 
tral type (4=M4; 5sM5; etc. . . ) for all photometric candidates 
confirmed as spectroscopic members (filled dots) in this study. 
Three objects lie outside this plot due to their extremely strong 
Ha emission. We have added data point s from earlier studie s for 
comparison: open t riangles come from lArdila et"af, (2000) and 
Mart in et al.l (|2004) and open squares are from ISlesnick et al.l 
(I2006I) . 



surement. Columns 15-18 list spectral indices; Columns 19+20 
provide spectral types derived from the spectral indices and es- 
timated from the spectral templates, respectively. Spectral types 
are accurate to 0.25 class for those earlier than M7.5 and half 
a subclass for later objects. Columns 21-23 provide the esti- 
mated effective temperatures (in K), luminosities (log(Lb o i/L )), 
and masses (in M ). 



J161340.79-221946.1 (M7.5). Absorption lines occur for stars 
in standard evolutionary states such main-sequence or post- 
main sequence but are unlikely in the pre-main sequence 
stage. However, due to the large amount of fringing and the 
low signal-to-noise of this particular spectrum, we prefer to 
keep it as a possible candidate. We also observe different lev- 
els of variability in our equivalent width measurements re- 
ported in Table IA.5I As an example, we have three sources, 
UGCS J161216.09-234425.0, UGCS J161 126.30-234006.1, 
and UGCS J16 1047. 13-223949.4, where we detect Ha in emis- 
sion in only two of the four spectra. In particular, the latter 
shows strong Ha emission with equivalent widths of ~-55 and 
— 30 A while no emission is detected in the other two spec- 
tra. Nonetheless, we keep these sources as members because 
their spectra are otherwise consistent with young low-mass stars. 
These measurements show that variability is common among 
young low-mass stars and brown dwarfs and that the absence 
of Ha alone is not sufficient to rule out you th as a characteris tic 
of low-mass stellar and substellar objects (M artin et al.ll2010T) . 

The Ha emission can be due to, on the one hand, 
chromospheric activity, and, on the other hand, to accre- 
tion or strong winds. The latter is usually inferred from the 
strong levels of Ha emission. To quantify this statement, 
iBarrado v Navascues & Martini (|2003) have defined an empiri- 
cal boundary between non-accreting and accreting M-type stars 
and brown dwarfs. We have identified 1 1 new accreting candi- 
dates that lie significantly above this empirical boundary (dot- 
ted line in Fig. [3]). One source, UGCS J 160648. 18 -223040.1, 
lies outside the limits of the plot displayed in Fig. [3] because 
of its extremely strong Ha emission. In the first spectrum, we 
have measured an equivalent width (EW) of -1780 A whereas 
the emission is weaker (EW = -730 A) in the second spectrum 
although as strong as the strongest Ha emission detected in a 
member of the young crQr i onis c luster (SOri 7 1 ; EW = -705 A 
Barrado v Navascue s et al.l 120021) . We have identified another 
object, UGCS J160723.82-221 102.0 which also exhibits strong 
Ha emission with equivalent width measurements of -671.0 
and -431.5 A, comparable to SOri 71. Moreover, we have mea- 
sured Ha equivalent widths of order -155 to -135 A for USco 
J161354.34-232034.4. 



4.2. Chromospheric activity 

In this section, we measure the equivalent widths of the Ha line 
at 6563 A for the 90 candidates whose optical spectra substanti- 
ate our claims about their membership of the USco association. 
The detection of strong Ha in emission in the optical spectral of 
young low-mass stars and brown dwarfs is generally assumed to 
indicate youth. We used the SPLOT task under IRAF0 to mea- 
sure pseudo-equivalent widths to an accuracy of 1 A or better 
(depending on the strength of the line). M dwarfs are long-lived 
and remain active for a long time. A large fraction of M3-M9 
field dwarfs are active, on average 40% but with a range from 
20% for M3 up to -100% for the latest M dwarfs dWest et all 
2008). However, only ~15% of old field M dwarfs exhibit strong 
Ha emission with equivalent widths less than -5 A. 

We detect Ha in emission in the optical spectra of the 
USco candidate members (Fig. [3]), except one source for which 
Ha is in absorption despite its late spectral type, UGCS 

3 IRAF is distributed by National Optical Astronomy Observatory, 
which is operated by the Association of Universities for Research in 
Astronomy, Inc., under contract with the National Science Foundation. 



4.3. Surface gravity 

To further assess the membership of our USco photometric can- 
didates, we have measured the pseudo-equivalent widths of the 
gravity-sensitive Na I (8 1 83/8 1 95 A) and K I (7665/7699 A) dou- 
blets in each individual spectrum (Table lABY 

The left-hand side panel of Fig. |4] shows the behaviour of the 
equivalent widths of the Na I doublet as a function of spectral 
type. Its equivalent width appears constant as a function of spec- 
tral type with a mean value of 3.5^-A and a dispersion of 1 A. 
The upper envelope for Upper Sco candidate members is around 
5.5 A as seen to Figure 4 in lMartfn et al.l (12004]) . consistent with 
the trend of our measurements (we find an upper limit of 5 A) . 
The trends in op en clusters like the Pl eiades (M artin et al.f l996) 
and Alpha Per dLodieu et al.l l2005ab indicate mean values of 
5+2 A for the equivalent widths of the Na I doublet in the M4- 
M8 spectral type range whereas old field dwarfs have equivalent 
widths typically larger than 6 A (Martin et aD l 19961) . Therefore, 
our measurements are consistent with general trends and con- 
solidate our conclusion that our USco photometric candidates 
are young objects. 
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Fig. 4. Na I (left) and K I (right) equivalent width measurements (in A) as a function of spectral type (4=M4; 5=M5; etc..) 
for all the photometric candidates confirmed as spectroscopic members. Typical error bars on the equivalent width measurements 
are marked. Some of the latest type members lack measurements for the Kl doublet because of the nearby strong oxygen tel- 
luric band. The candidates for accret ion i.e. which exhibit Ha equivalent widths larger than the empirical boundary defined by 
Barr ado v Nav ascues & Martini §003) are highlighted with red squares. The stars lying in the AAOmega field have been added as 
crosses and shifted in spectral types by +0.12 for clarity. 



The right-hand side panel of Fig. [4] shows the behaviour of 
the K I doublet as a function of spectral type for the new USco 
candidate members. The equivalent widths of the doublet ex- 
hibits an increase as a function of spectral type and values in the 
2-6 A range. 

On both panels of Fig. [4] we have overplotted the equivalent 
width measurements of 180 stars lying in the AAOmega field- 
of-view and classified as M dwarfs without Ha in emission (red 
crosses). The mean values of the equivalent widths of the Na I 
and K I doublets for these field M dwarfs is clearly higher than 
the average of the new USco candidate members for each spec- 
tral type. One hundred and twenty seven (~70%) stars in the 
AAOmega field have Na I doublet equivalent widths larger than 
4 A, pointing towards an older age on average at a given spec- 
tral type than for our USco candidate members. The difference 
is even more marked for the K I doublet. 

We have also computed the temperature (TiO-/l7140 and 
TiO-A8465) and grav ity (Na-8189) sensitive indices designed by 
ISlesnick et all d2006h for the new USco candidates (filled circles) 
and previously known members (open squares in Fig.|5J- Figure 
[5] sho ws the same plots w ith the same (x,y) scal es as in Figure 
2 of | Slesnick et alld2006l) and Figures 10-11 of ISlesnick et alj 
(2008) for direct comparison between their samples and ours. 
Note that the six faintest sources of our sample of candidate 
members are not included in Fig. [5] because of strong fringing 
beyond 8000 A affecting the computation of the TiO-/l8465 and 
Na-8189 indices. Our values of the three indices agree within 
10% with their values published in their Table 1. The trend in 
the left-hand side plot of Fig. [5] confirms the range in spectral 
types (M3.25-M8) derived from direct comparison with young 
templates. A few objects lie below the s equence, a pos i tion at - 
tributed to the occurence of veiling by ISlesnick et alJ ([2006). 



Similarly, the mean values of the Na-8189 for our sample is 
around 0.9 with a dispersion of 0.3, consistent with the r ange 
of values (-0 86-0 9 6) reported by ISlesnick et all d2006l) and 
ISlesnick et all d2008l) . 

The positions of the stars in the AAOmega field-of-view in 
the left-hand side diagram of Fig. [5] follow the general trend of 
the USco candidates mainly because this diagram is independent 
of the age (i.e. gravity). However, the locations of these objects 
in the right-hand side diagram differ from the positions of the 
USco candidates and appear intermediate between field dwarfs 
a nd pre-main-sequence stars (blue and green crosses in Figure 2 
of Sle snick et al.1 ([2008), respectively). This trend points towards 
an intermediate age for the stars in the AAOmega field and cor- 
roborates the conclusions drawn from the equivalent widths of 
the Na I doublet. Their position in the (Z-/,Z) colour-magnitude 
diagram displayed in Fig. Q] indicates that these objects are, on 
average, fainter than the USco members for the same spectral 
type, suggesting that they are located beyond the USco associa- 
tion. 

4.4. Other features: lithium and magnesium 

Although searching for the presence or absence of the lithium 
absorption line at 6707.8 A was not originally an aim of this 
project, we are able to detect that line thanks to a combina- 
tion of the moderate resolution (R~1100) and the high quality 
of the spectra obtained for the brightest sources (J <13 mag and 
Z <14.5 mag). The strength of the equivalent width varies from 
object to object and is of the order of 0.2-0.5 A. The lithium 
is detected in absorption in almost all photometric candidates 
confirmed spectroscopically on the basis of the presence of Ha 
and weak gravity features (top panel in Fig. |6]), again adding 



N. Lodieu et al.: Multi-fibre optical spectroscopy of low-mass stars and brown dwarfs in Upper Sco 



7 



3.5 r 



3.0 



5 2.5 

"D 
O 

6 20 



1.5 



1.0 



• • □ 




1.0 



1.5 2.0 
TiO-8465 index 



2.5 



1.2 



1.1 



CD 
"D 

= 1.0 

CD 

op 

CO 



0.9 



0.8 



0.7 




•s»i{.9 • • 



1.0 1.5 2.0 2.5 
TiO-7140 index 



3.0 



3.5 



Fig. 5. Temperature (left) and gravity (right) sensitive indices for the new USco candidate members (filled circles), previously known 
m embers (open squares) , and stars in the AAOmega field-of-view (crosses). Typical error bars are shown. Plots originally proposed 
bv lSlesnick et al. (2006). 



credence to their inferred youth and membership of the USco 
association. 

In the blue part of the spectra, we detect the presence of the 
Mg b triplet around 5200 A with an excellent signal-to-noise for 
the brightest USco members (bottom panel in Fig. [6|. The full 
spectral range provided by the blue grating (3740-5720 A) at a 
resolution of R~1350 could be used to study the accretion rates 
in a large sam ple of young low- mass stars and brown dwarfs at 
5 Myr (e.g. Herczeg et al. l2009h but such a study is beyond the 
scope of this paper. 

4.5. Level of contamination 

Among the 94 photometric and proper motion candidates 
followed-up spectroscopically with AAOmega, we have con- 
firmed the membership of 90 translating into a success rate of 
the original selection of ~96%. Two contaminants listed in Table 
[2] appear to be background stars and the other two field early-M 
dwarfs. This result demonstrates the performanc e of the pho- 
tometr ic a nd astrometric select ions described in lLodieu et alj 
d2006l) and lLodieu etakl d2007bl) . 

We note that four objects were previousl y confirmed throug h 
their near-infrared cross-dispersed spectra (Lodi eu et al.l [2008). 
The spectral types of USco J160830.49-233511.0 (M8.5 in the 
optical vs M9 in the near-infrared), USco J160648. 18-223040.1 
(M8.5 vs M8), and USco J161047.13-223949.4 (M8.5 vs M9) 
agree within a subclass. The optical and near-infrared spec- 
tral types of USco J160723.82-2 21 102.0 differ by sev eral sub- 
classes (M7.5 vs LI) as noted by Herczeg et al. (2009) who in- 
dependently classified it as a M8.5 dwarf. Another object, USco 
J161421. 44-233914. 8, rejected by our near-infrared spectro- 
scopic follow-up, is now reclassified as a member with a M7 
spectral type according to the AAOmega spectrum. We have 
checked the input coordinates and positions in both runs and can- 
not find out the reason for this discrepancy. Unfortunately, we 
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Fig. 6. Region around the magnesium triplet at ~5200 
Angstroms (bottom) and the lithium line at 6708. 8A for one 
USco members (USco_cand4; M5). 



could not reach fainter candidates to confirm our near-infrared 
classification with optical spectros copy. The former has been 
criticised by iHerczeg et al.l (l2009t) on the basis of only two 
sources where the classifications are discrepant. We should point 
out that younger M dwarfs are hotter than their field counter- 
parts, implying that the vanadium oxide (VO) band should re- 
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main at later spectral types for younger ages a nd thus lead an 
earlier spectral classification (Mar tin et al] ll996). 

For the faintest USco candidates with estimated masses be- 
low 0.03 M according to theoretical models, our earlier study 
showed that 19 out of 20 photometric ca ndidates are indeed 
spectroscopic members (Lod ieu et al.l l2008). Their near-infrared 
cross-dispersed spectra confirm them as ultracool dwarfs with 
features characteristics of young objects and effective tempera- 
tures in the 2700-1 800 K range. Therefore, the level of contami- 
nation in the 0.03-0.006 M mass range is of the order of 5% 
after reclassifying USco J161421.44-233914.8. Over the full 
magnitude and mass ranges probed in USco by the GCS, our 
success rate is ~95%. 



5. Probing the efficiency of the original selection 



noise, and 1 1 sources have no signal. Tables, plots and selected 
templates are detailed in AppendixlBl 



5.2. Contamination in the proper motion selection 



In addition to the USco members discussed in Sect. 14.11 we as- 
signed 624 fibres to sources located to the blue side of the lines 
used for our photometric selection objects referred as to "stars 
in the AAOmega field"). Among these extra sources, we have 
identified a large number of stars (Sect. 15. U . proper motion non 
members, as well as three accreting sources (Sect. l5~4l i. We have 
used this large sample to estimate the efficiency of the original 
photometric (Sect. 15.31 ) an d prope r motion (Sect. 15.2b selections 
described in Lodieu et al. ( 2007b) based on multiple criteria, in- 
cluding the magnitudes, spectral types, strengths of the equiva- 
lent width of activity and gravity features. 

5. 1 . The sample of stars in the AAOmega field 

We have assigned fibres to over 600 stars or point sources not 
selected by our photometri c study as members of the USco as- 
sociation (crosses in Fig.[T] L odieu et alj2007bl) . We provide the 
coordinates, photometry, astrometry and tentative spectral types 
for all stars in the AAOmega field (Table iBTTT i as well as the op- 
tical spectra to the communitjfj as they may be useful to future 
surveys of the region or to other type of scientific exploitation. 
The large majority of these objects do not belong to the Upper 
Sco association, except the ones discussed in the following sec- 
tions and listed in Table IC.fl 

We have assigned rough spectral types accurate to a few 
spectral classes using a combination of criteria including di- 
rect comparison with low-resolution spectra downloaded from 
the European Southern Observatory databas^l and expected 
strengths of major lines and absorption bands (e.g. NaD, TiO, 
CaH, Ca I, Na I) as a f unction of the lum i nosity class and spec- 
tral types (Tab l e 5 o f iKirkpatric k et all ([l991) and spectra in 
lTurnsheketaD(fl98l l. 

The full sample of spectra can be divided up into several 
groups for which we have chosen one template because of the 
high quality of its spectrum. The majority of objects enters in 
the class of M dwarfs with spectral types later than M2 (right 
panel of Fig. lB~2l i. We have also identified a large number of late- 
K/early-M dwarfs (K7-M1) with different levels of reddening 
and late-G giants (left-hand side of Fig. IB.2I >. Finally, we have 
classified three sources as young active flare M dwarfs (details in 
Sect. 15.4b . two white dwarfs, 18 objects that we were unable to 
classify due to problems with the fibre response or low signal-to- 



6 Tables & AAOmega optical spectra taken with the blue 
(3740-5720 A) and red (5600-8800 A) gratings are available at 
www.iac.es/galeria/nlodieu/publications/ 

7 www.eso.org/instruments/isaac/tools/lib/index.html 



In lLodieu et al.1 (l2007bl) . we used a 2<x clip to reject proper mo- 
tion non members, implying that our selection should have in- 
cluded ~95% of members but missed ~5% of true members (as- 
suming normally distributed errors). In this section, we aim to 
address the question related to the level of contamination present 
in our original cut in the proper motion selection: do we find 
that 5% of the prope r motion non members listed in Table C 1 of 
Lodieu et al. (2007b) are actually members? 

In lLodieu et alJ d2007bh . we discarded 23 photometric can- 
didates as proper motion non memberfl Ten of these 23 proper 
motion non members were included in our spectroscopic follow- 
up having been assigned a fibre (Table ICTt . We have looked at 
their spectral types, Ha and Na I equivalent widths, and the pres- 
ence of lithium to investigate their membership. Among these 10 
sources, only one is rejected as a member based on its high Na I 
equivalent width. The remaining nine objects show Ha in emis- 
sion and weak gravity-sensitive features, and have spectral types 
between M4 and M6, consistent with young objects. Among 
those nine sources, six have a clear lithium detection while the 
other three may exhibit lithium in absorption but the detection is 
only tentative. 

The results, detailed above, are summarised in Table IC.ll 
Column 1 of Table IC.ll gives the name of the object. Column 
2 provides the Z-band magnitude; Columns 3 & 4 the proper 
motion (mas/yr) in right ascension and declination, respectively; 
Column 5 the spectral types; Columns 6 & 7 Ha and Na I equiv- 
alent widths (EWs in A), both individual measurements and the 
sum; Column 8 the presence of lithium (Y=Yes); Column 9 a 
note on the proper motion, Column 10 the final decision on 
the mem bership, and the last column the proper motions from 
UCAC3 (IZacharias et al.ll2010l) . 

We have checked the UCAC3 catalogue for the other 13 
so urces classified as pro per motion non members in Table CI 
of lLodieu et alJ d2007bl) . Seven objects brighter than Z < 13 
mag have a U CAC3 counterpart an d astrometry accurate to 
a few mas/yr (IZacharias et alJ 12010). The quality of the as- 
trometry provided by UCAC3 supersedes our previous proper 
motion m easurements and is u seful to constrain membership 
in USco (Bouy & Martin 2009). Three are clearly proper mo- 
tion non members: USco J160937. 85-212319.0, and the (pos- 
sible) wide binary composed of USco J161002.67-234439.5 
and USco J161002.86-234440.9. Another object, USco 
J161626. 20-235048. 8, is possibly not a member. The other 
three bright objects are proper motion members but lack opti- 
cal spectra because they were not assigned a fibre during our 
spectroscopic follow-up. The remaining six (out of 13) are not 
in the UCAC3 online catalog mainly because they are too faint. 

We have made a comparison between the proper motions 
in right ascension (pmRA) and declination (pmDEC) from 
UCAC 3 and the ones deriv ed from the 2MASS/GCS cross- 
match (lLodieu et alJ l2007 b). This sample of stars with J = 
10.75-13 mag contains 2815 sources. The agreement between 
both measurements is usually good with Gaussian equivalent 
root-mean-squares of 8.04 and 7.95 mas/yr in right ascension 
and declination, respectively. For the 43 USco candidates with 
UCAC3 measurements, we find median absolute deviations of 



8 3 sources in Table CI of Lodieu et al. (2007b) are common to the 
sample of photometric non members listed in their Table B 1 
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11.1 and 6.53 mas/yr in right ascension and declination, respec- 
tively. These error bars estimated from both datasets appear very 
similar in size. 

To summarise, we find that our 2<x clip in the proper mo- 
tion mis-classified 12 members (out of 17) as proper motion 
non members (and possibly up to 18 out of 23). In Lodieu et 
al. (2007b) we rejected 23 out of 139 photometric candidates as 
proper motion non members because they lay beyond the 2cr cut 
off. For normally distributed errors, we would expect 5% of 139 
= 7 photometric members to be outside 2cr just by chance. Here 
we find that between 12 and 18 objects are actually members 
i.e. a factor of two larger than the nomical 5%. Only one object, 
USco J161412.41-221913.3, does lie outside the 3cr circle cen- 
tered on the cluster mean proper motion (Table IC.ll ). suggest- 
ing that our original selection was pragmatic and threw away 
some bona-fide members. Future astrometric selection should 
rather employ 3cr clips to optimize the selection of members. 
The uncertainties in the proper motion measurements from the 
2MASS/GCS cross-match was typically 10 mas/yr down to J — 
15.5 mag. We hope to improve the reliability of the astrometry 
by combining the UKIDSS GCS with the second epoc h planned 
withi n the framework of the VISTA public surveys (Emerson 
1200 llPL 

5.3. Completeness of the selection 

In this section, we discuss the completeness of the original pho- 
tometric sel ection designed to id entify members in the USco 
association dLodieu et al.l l2007bft . To test this original photo- 
metric selection, we have computed lower and upper limits 
for the completeness by comparing the number of photomet- 
ric candidates followed-up spectroscopically to the 129 photo- 
metric candid ates identified in th e GCS after pure photomet- 
ric selection dLodieu et al.l l2007b). A total of 94 sources have 
optical spectra and four are non members while 20 were ob- 
served in the near-infrared (one is classified as a non mem- 
ber). The remaining sources currently lack spectroscopic follow- 
up. Therefore, the lower limit for the efficiency of our selec- 
tion is -81% (=(90+19-5)/129) and the upper limit is -96% 
(=(90+19-5)/(94+20-5)). 

Secondly, we have investigated the completeness of the pho- 
tometric selection by examinining the characteristics of stars ly- 
ing within the AAOmega field-of-view to which a fibre was as- 
signed. After keeping only stars whose proper motion is within 
3<x fro m the mean proper motion of the cluster ((-11, -25) 
mas/vr: lde~Bruiine et all 1 9971: IPreibisch et al.ll 19981) . we are left 
with 331 candidates. As a second step we have removed giants 
and late-K/early-M dwarfs as well as M dwarfs which do not ex- 
hibit Ha in emission, leaving a total of 107 candidates. Then, we 
have kept only sources with a Na I doublet equivalent width less 
than 5 A, leaving 58 candidates. We note that 10 (9 are members 
but 8 satisfied the above criteria in the original selection) of these 
58 sources lie to the red of the photometric selection and corre- 
spond to the proper motion candidates in Table IC.ll To sum- 
marise, the completeness of our photometric selection is better 
than 129/(129+58) ~ 69%, with an upper limit of 129/(129+8) 
~ 94%. These numbers are consistent with the values derived 
from our optical and near-infrared spectroscopic follow-up as 
described in the first paragraph of this section. 

Table [DJ] gives the coordinates (J2000), ZYJHK photome- 
try, proper motions (mas/yr), equivalent widths of the Ha and 
Na I lines (in A), and spectral types for the 50 (58-8) candidates 

9 More details on VISTA at www.vista.ac.uk 



with proper motion within 3<x from the cluster mean motion and 
with equivalent widths measurements of Ha and the Na I dou- 
blet consistent with membership. These objects are plotted as red 
open triangles in the (Z - J,Z) colour-magnitude diagram (Fig. 

Among the 58 sources left after the selection based on proper 
motions and the equivalent widths of the Ha line and the Na I 
doublet, 1 1 exhibit lithium in absorption and 39 show noticeable 
N II emission at 6583 A. Of the 39 with N II emission, four ex- 
hibit strong S II emission lines at 6716 A and 6731 A, indicative 
of a high excitation TTauri-like phase. In the full sample of stars 
in the AAOmega field-of-view, 87 sources show N II in emis- 
sion and 16 out of 87 exhibit strong S II emission lines. They 
may belong to the nearby Upper Centaurus Lupus association as 
the difference in the age (13-16 Myr vs 5 Myr) and the distance 
(145 pc vs 160 pc) would result in members of Upper Centaurus 
Lupus being one magnitude fain ter than their USco counterparts 
according to theoretical models (Baraff e et al.ll998h . They could 
also have escaped from the nearby p Oph star-forming region (< 
1 Myr; 140 pc) where the occurence of disk s is expected to be 
higher than in Upper Sco dHaisch et al.ll2001l) . 



5.4. Three young accreting sources 

Among stars in the AAOmega field followed-up spectroscopi- 
cally, we have detected three accreting sources with strong emis- 
sion lines. These sources, UGCS J161450.31-233240.0 (M4.5; 
Fig. E2), UGCS J161503.64-235417.7 (M4), and UGCS 
J160729.59-230822.4 (M3), exhibit strong emission lines of 
Ha and He I with pseudo equivalent widths of (-108,-3.0), 
(-187,-2.2), and (-150,-3.0) A, respectively. We also clearly 
detect the sodium doublet at 5875/5890 A, the calcium triplet at 
8498/8542/8662 A, and Ol forbidden emission lines at -6300 
and 6363, and 8446 A in all three sources. The Ca triplet 
is weaker in UGCS J161503.64-235417.7 than in the other 
two objects while the Ol emission is comparable with pseudo 
equivalent widths between 3.6 and 5.3 A. The proper motions 
of these three sources are given in Table IB. II only UGCS 
J 1 6 1 503 . 64-2354 17. 7 has a proper motion inconsistent with the 
USco mean proper motion. We have added to Table ID. li the two 
accreting sources with proper motions consistent with USco for 
consistency but we do not consider them as members in the rest 
of the paper because they were originally classified as photomet- 
ric non members. 

The presence of a disk and strong emission lines indicates 
a young age and a high excitation phase like in TTauri stars. 
The Ol forbidden lines are indicative of outflows. These objects, 
however, did not fall in our initial photometric selection because 
of their colours. Indeed, young disk-bearing sources tends to ex- 
hibit unusual colours and mag nitudes leading to their rejection as 
photometric candidates ( e.g. | Luhman et al.l l2008t lLodieu et al.l 
2009; iMavne & Harries 120101) . A mid-infrared spectroscopic 
study of these two o bjects would sh ed light on the amount of dust 
re-processing (e.g. lRiaz et al.l 2009) and lead to better constraints 
on the age of these sources in order to find out whether they are 
members of USco or of a younger population. Additional study 
of the sources listed Table lD.ll should be undertaken to find out if 
a pure photometric search is indeed biased t owards sources with 
low accretion rates dMavne&Harriesll2010l) . 
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6. The spectroscopic mass function 

In this section, we consider all photometric candidates confirmed 
spectroscopically as members of USco. The original photomet- 
ric sample contains 129 sources (lLodieu et al.ll20 07b). After the 
optical spectroscopic follow-up conducted with AAOmega (90 
members; this study) and the near-infrared cross-dispersed spec- 
troscopy obtained for the faintes t candidates (19 me mbers; 5 in 
common with optical follow-up lLodieu et alJl2008l) . we have a 
final spectroscopic sample of 104 members. We should add to 
this sample the nine members originally rejected on astromet- 
ric grounds (Table ICTb . yielding a total of 113 members in 6.5 
square degrees near the centre of the USco association. 

Spectroscopy is missing for 20 photometric candidates. We 
have looked at the histograms of the number of sources with and 
without spectroscopy as a function of magnitude, dividing up 
each sample into bins of 0.5 mag. The numbers of candidates 
without spectroscopy is of the order or below the square root of 
the number of objects with optical spectra in each magnitude bin. 
Therefore, we do not expect any artificial gap or peak in a statis- 
tical point-of-view due to the incomplete spectroscopic follow- 
up. However, this effect of incompleteness is hard to quantify 
until spectroscopy is obtained for all photometric candidates. 
Furthermore, most of the photometric candidates without spec- 
troscopy are brighter than J — 14 mag, corresponding to spec- 
tral types of M6.5 or earlier i.e. where the bulk of spectroscopic 
members is located. Thus, the influence on the peak of the lumi- 
nosity function should be minimal. 

6.1. Effective temperatures 

The spectral types of these members from the spectroscopic 
sample range from M3.25 to L2. The uncertainty is typically 
0.25 subclass for spectral types earlier than M7.5 and 0.5 sub- 
class for later types. 

To estimate the temperature associated with each spectral 
type, w e have used the temperature scale defined by iLuhmanl 
(Il999h for young objects with spectral types between M3 and 
M9 (Table[3]l. This scale uses temperatures intermediate between 
field dwarfs and giants and is valid up to M9. Typical uncer- 
tainties on eac h individual temp erature are of the order 50 K. 
More recently. iRice et al" (2010) designed an independent scale 
for late-M dwarfs relying on model fits to high-resolution near- 
infrared spectra. These authors adopted effective temperatures of 
-2930 K and 2850 K for USco 66 AB (M6) and USco 1 00 (M7) 
respec tively, in agreement with the scale designed by Luhman 
(1999) within current error bars. For later spectral types, we kept 
the scale proposed bv lLodieu et al.ld2008l) i.e. 2250+50 K for L0, 
2100+100 K for LI, and 1950+150K for L2. The temperatures 
adopted in this paper are compiled in Table [3] 

W e also defined a set of bolometric corrections in the J- 
band dLuhmanlll999h for the full range of spectral types cov- 
ered by our study. For late- M and early - L dwa rfs, we consid- 
ered th e values published by Da hn et al.l d2002l) and IVrba et al] 
(200 4]) whereas val ues for earlier spectral types come from 
Legg ett et al.l (120001) . The latter bolometric correction are de- 
rived for old field dwarfs and may not be valid for younger brown 
dwarfs. The adopted mean values are compiled in the last row of 
Table [3] 

6.2. The luminosity function 

For the sources in common between the optical and near-infrared 
spectroscopic follow-up, we have kept the spectral types derived 
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from the optical spectra. Table [3] lists the numbers of sources 
per spectral type category. However, to plot the luminosity func- 
tion, we need to create bins of equal size which we choose to be 
0.5 subtype. Therefore, we put together the sources classified as 
M5.5 and M5.75 into the M5.5 bin, the objects with M6.25 and 
M6.5 into the M6.5 bin, and divided the numbers of sources in 
the M9, L0, LI, and L2 categories by two to split them up into 
0.5 subtype bins. The resulting luminosity function i.e. the num- 
ber of objects as a function of spectral type and binned by half a 
subclass, is shown in Fig. [7] 

Although our sample in the region studied here is complete, 
the spectral type of every object is associated with an error on the 
spectral assignment. Hence, we have plotted error bars that cor- 
respond to the square root of the count in each bin. The number 
of objects increases quickly towards M5, peaks around M6 and 
then decreases swiftly to M7 where the M7/M8 ga p is proposed 
due to the onset of dust in substellar atmospheres (Dobbi e et al.l 
2002b). The luminosity function appears flat towards later spec- 
tral types and cooler temperatures. The overall trend is very sim- 
ilar to the analogous distribution for IC 348 (val id for spectral 
types e arlier than M9) depicted in Figure 1 1 of Luhman et al. 
(20033). 

With the effective temperatures and the bolometric luminosi- 
ties derived for each individual object in our spectroscopic sam- 
ple of confirmed USco members, we can plot an Hertzsprung- 
Russell dia gram shown in Figur e [8] Our diagram is similar to 
Figure 8 of Slesnick et al . (2008) which involves a larger num- 
ber of members due to the larger areal coverage. The mean age of 
our sample is around 5 Myr with a dispersion bet ween 1 and 10 
Myr, consistent with the discussion presented in Slesnick et al.l 
(2008). Our survey extends to lower effective temperatures and 
luminosities after including the brown dwarfs co nfirmed spec- 
trosco pically in the near-infrared with Gemini ( Lodie uet al.l 
2008). Mixing optical and near-infrared spectral types may in- 
troduce some biases at low masses and, thus, affect the determi- 
nation of the mass function. Indeed, near-infrared spectral types 
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Table 3. Number of sources as a function of spectral type along with the assigned effective temperatures (in K) and /-band bolo- 
metric corrections 
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tend to be later than optical spectral types (Lod ieu et al.l l2005b; 
ILuhman et al.l2 003b) by 1-2 subclass (but not always; e.g. USco 
J 1 60648. 1 8-223040. 1 ), yielding cooler temperatures by ~ 1 00 K 
and therefore lower masses. 



6.3. The mass function 

Several groups have developed models with different de 
grees of complexity to infer evolutionary tr acks for youn 



low-m a ss stars and brown dwarf s, e.g. Palla & Stahle 



19931). iD'Antona & Mazzitellil (Il994l) . [Burrows et all (1 19971) 



Siess et al. (2000), Bara ffe et alJ (119981) . IChabrier et alJ ([2000), 
and ([ Baraffe et al. 2002). We refer the reader to the study by 
Hillenbrand & White (2004) for a detailed study of the discrep- 
ancies observed between models over a wide range of masses. 
For consistenc y with our earlier wo r k in ot her regions targeted 
by the GCS (lLodieu et all l2007al [2009), we have derived 
the bolometric luminosities using the apparent J magnitudes 
and the bolometric corrections listed in Table [3] assuming a 
bolometric magnitude of 4.74 for the Sun and a distance of 
145 pc for USco. Then to derive masses we have interpolated 
the luminositi es provided by the N extGen (Bar affe et al.l l 1998) 
and DUSTY (Chabrier et al. 2000) for temperatures above and 
below 2500 K, respectively. 

Our sample contains 113 spectroscopic members with spec- 
tral types between M3.25 and L2 and masses between 0.4 and 
0.006 M identified in a 6.5 square degree area surveyed by the 
UKIDSS GCS. However, we estimate our photometric survey to 
be complete only down to 0.01 M Q . Only 2 objects of the orig- 
inal 129 photometric member candidates dLodieu et alJ l2007b) 
do not have spectra and are not included in the estimate of the 
mass function. The resulting mass function is shown in Fig. [9] 
along with its error bars (square root of the number of objects per 
mass bin) and compared to the spectroscopic mass function of 
ISlesnick e t al. (2008) created from a sample of 377 objects over 
the ~0.6-0.02 M mass range spread over 150 square degrees 
(dashed lin e in Fig. |9l). Howeve r the spectroscopic follow-up 
presented in lSlesnick et alj j2008) is based on a ~ 15% sampling, 
variable across the magnitude range, with a peak at around r ~ 
19.5 mag and a sharp drop-off at fainter magnitudes. Therefore, 
we have tentatively sc aled their spectrosc opic mass function 
(thick line in Fig. 12 of ISlesnick et al.l d2008l) ) to our areal cov- 
erage (22.5 vs 6.5 square degrees represent a scaling factor of 
3.46 in logarithmic units). We have also overplotted the mass 
function in IC 348 (dotted line in Fig. |2 ILuhman et a"L1 [2003b) 
without any scaling (the binning slightly differs from the USco 
mass function). 

The first data point of our USco mass function is incom- 
plete due to saturation of the GCS photometric survey. Our 
mass functions seems to peak at around 0.2+0.1 M Q but this 
should be taken with a grain of salt as our survey is incom- 
plete at masses higher than ~0.4 M . If true however, the peak 
would be consistent with the characteristic mass found in the 
Pleiades (Mor aux et al J 120031: lLodieu et alj|2007al). IC 348. the 
Trapezium (Luhman et alJ l2000l) . and the field dChabriedl2003l) 



mass functions. After a decline occuring around 0.1 M , our 
mass function flattens in the substellar regime. The decline seen 
beyond 0.01 M is due to the incompleteness of our photometric 
survey. 

The overall shape of the USco mass function is similar to the 
mass function in IC 348 derived by Luhman et al. ( 2003b) over 
the stellar mass range and beyond the hydrogen-burning limit 
as it can be seen from the mass function (left-hand side plot of 
Fig.[9]l and in the cumulative distributio n (right-hand side plot of 
Fig- HI). The number of objects found by Slesnic k et al.l d2008l) in 
the stellar regime is lower by a factor of two. One explanation 
for the discrepancy may be an underestimate of the incomplete- 
ness at the bright end of Sles nick et al.l d2008l) 's survey. The use 
of different theoretical isochrones to transform observables into 
masses is unlikely to account for such a large difference in the 
number of 0.3-0.1 M stars. We also find a larger number of 
brown dwarfs below 0.03 M Q , indicating a poor sensitivity of 
ISlesnick et al.l d2008l) 's optical survey to low-mass substellar ob- 
jects. 

The cumulative distributions shown in the right-hand side 
plot of Fig.|9]represent the normalised number of objects down 
to a given mass in logarithmic units. All mass functions ap- 
pear similar within the error bars over the 0.3-0.06 M mass 
range as indicated by the mass functions. However, the cumula- 
tive mass functions plotted in the right-hand side panel of Fig. 
[9] show that the number of brown dwarfs is higher (although 
possibly within current error bars) in USco than IC 348 and the 
extrapolation of the field mass function in the common region 
where the USco and IC 348 surveys are complete. To quantify 
this hypothesis, we have computed the ratio of the number of 
stars (M = 0.35-0.08 M ) and the number of brown dwarfs (M 
= 0.08-0.02 M ) for IC 348 and USco We find ratios of 21/104 
= 0.20+0.03 forIC 348 dLuhman et all d2003bl) finds 0.18+0.04 
for a slightly different definition of the star/brown dwarf ratio) 
and 24/59 = 0.41+0.03 for USco, suggesting that USco may in- 
deed cont ain an excess of substel l ar ob jects as originally sug- 
gested bv iPreibisch & Zinneckerl d2002l) and corroborated by 
ISlesnick et al.l d2008l) . As such, the USco association would be 
the best place to search for the turn down of the mass function 
and investigate the issue of the fragmentation limit. 



7. Conclusions 

We have presented a multi-fibre spectroscopic follow-up of more 
than 100 photometric candidates identified in the central part of 
the USco association. The main results of our survey are: 

• We have confirmed the spectroscopic membership of 90 pho- 
tometric candidates based on the presence of Ha in emission 
and weak gravity-sensitive features in their optical spectra 

• We have rejected four photometric candidates as members, 
implying a completeness level of our original selection be- 
tween 69 and 96% 

• ~10% of the new spectroscopic members show very strong 
Ha emission lines, indicating the presence of disks and ac- 
cretion 
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Fig. 9. Left: Spectroscopic mass function for 6.5 square degree in the central region of USco valid between 0.35 and 0.01 M H . 
Overp lotted as a dashed histogram is the spectroscopic mass function (corrected for incompleteness) published by ISlesnick et al.l 
(2008) and scaled to a n area of 6.5 square degrees. The m ass functions in IC 348 and the field are overplotted as a dotted histogram 
dLuhman et al.ll20~03bl) and dot-dash line (Chabrier 2003), respectively. Right: Cumulative distributions (logarithm of sum of the 
number of objects down to a given mass normalised to unity at the higher mass) for the mass functions in USco (filled dots and 
black line), IC 348 (open squares and dotted line), and the field (open triangles and dot-dahed line) over the mass range where the 
USco and IC 348 mass functions are complete. Error bars are included for the USco mass function only. 



• We are able to detect lithium in absorption and the magne- 
sium triplet in most members despite only moderate spectral 
resolution 

• We have demonstrated the efficiency of our original photo- 
metric and proper motion selections 

• Among the photometric non-members, we have identified 
three young disk-bearing sources showing signs of outflows 

• We have assigned tentative spectral types to a large number 
of stars falling in the AAOmega field of view 

• The luminosity drawn from a spectroscopic sample of 113 
sources with spectral types ranging from M3.25 to L2 shows 
a peak at around M6 and is flat at later spectral types 

• The mass function derived in this 6.5 square degree area in 
Upper Sco is very similar to that derived of IC 348 and the 
extrapolation of the field mass function down to ~0.06 M 

• The mass function may peak around 0.2 M and is flat in the 
substellar regime 

• The number of low mass brown dwarfs in USco appears 
higher than in IC 348 although within current error bars, 
pointing towards the original suggestion that USco might 
be rather rich in low-mass brown dwarfs and, thus, the best 
place to search for the turn down of the mass function 

The low level of contamination inferred from our original 
photometric and proper motion selection using data taken during 
the science verification phase of the UKIDSS GCS implies that 
similar selection can be applied to the full association to carry 
out a global study of the region. The latest GCS data release 
includes >30% coverage of the USco association. Subsequent 
data releases will soon complete the coverage in all filters and 
we will be able to identified new members to investigate im- 
portant issues, including the distribution of low-mass stars and 



brown dwarfs with respect to massive stars and possible varia- 
tion of the mass function within the association. The efficiency 
of the GCS is favorable to future deep surveys of USco aiming 
at finding cooler brown dwarfs and concentrating on the topic of 
the fragmentation limit. The advent of VISTA will also provide 
a complementary second epoch in USco to improve the astro- 
metric selection. 

Our work also has some implications for the study of other 
regions surveyed by the GCS. The combination of two optical 
filters (Z, Y), three infrared bands, and proper motion has con- 
firmed the power of the GCS in several regions, including the 
Pleiades, USco, and <x Orionis. Other regions such as Orion and 
Taurus are included in the GCS and will provide important clues 
to address the issue of the universality of the IMF as a function 
of age and environment. 
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Appendix A: Table New Members 



Table A.5. Confirmed spectroscopic members of the USco association AAOmega (first part) and GNIRS (second part). 
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4.3 


3.5 




2.77 


1.74 


0.89 


1.26 


4.9 


6.5 


2935 


-1.627 


0.1026 


16:11:31.81-22:37:08.3 


12.679 


-6.8 


-6.3 


-5.9 




3.5 


3.1 


3.0 




2.1 


1.5 


2.1 




2.07 


1.37 


0.90 


1.05 


3.4 


5.5 


3060 


-1.661 


0.0965 



Table A.5. continued. 



USco J. . . 


./ 

mag 


EW(H„) 
A 


EW(Nal) 
A 


EW(KI) 
A 


TiO7140 


Ti08465 


Na8189 


PC 3 


SpPC3 


SpT 


Tcir 
Kelvins 




Mass 

M 


16:16:11.83-23:16:26.9 


12.758 


— 


— 


-8.3 


— 


— 


— 


3.9 


— 


— 


— 


2.5 


— 


1.99 


1.25 


0.87 


0.99 


3.0 


5.0 


3125 


- 1 .644 


0.0993 


16:10:57.28-23:59:54.1 


12.803 


-7.1 


-5.5 


-4.7 


— 


3.4 


3.7 


3.1 


2.5 


1.9 


2.2 


— 


— 


2.06 


1.26 


0.88 


0.99 


2.9 


5.0 


3125 


-1.662 


0.0963 


16:15:20.10-23:33:54.7 


12.838 


— 


— 


-12.1 


— 


— 


— 


3.5 


— 


— 


— 


3.0 


— 


2.34 


1.47 


0.85 


1.11 


3.9 


5.75 


3025 


-1.728 


0.0853 


16:10:54.29-23:09:11.1 


12.975 


-8.2 


-8.9 


-9.4 


— 


5.1 


5.2 


4.6 


— 


4.3 


4.5 


4.4 


— 


2.24 


1.35 


0.83 


1.03 


3.3 


5.75 


3025 


-1.783 


0.0761 


16:08:22.29-22:17:03.0 


12.939 


-18.9 


-12.5 


— 


— 


3.6 


3.4 


— 


— 


1.9 


2.1 


— 


— 


2.13 


1.44 


0.88 


1.08 


3.6 


5.75 


3025 


-1.769 


0.0785 


16:09:04.51-22:24:52.5 


12.918 


-7.7 


-11.3 


— 


— 


4.7 


4.0 


— 


— 


2.6 


— 


— 


— 


1.77 


1.16 


0.82 


0.93 


2.5 


4.5 


3200 


-1.692 


0.0913 


16:15:28.19-23:15:44.1 


13.123 


— 


— 


-6.3 


— 


— 


— 


4.7 


— 


— 


— 


3.0 


— 


2.05 


1.26 


0.85 


1.04 


3.3 


5.5 


3060 


-1.838 


0.0691 


16:12:16.09-23:44:25.0 


13.188 


— 


— 


-7.2 


-4.9 


4.4 


3.9 


4.0 


3.2 


2.6 


2.3 


2.9 


2.0 


1.90 


1.29 


0.86 


0.99 


2.9 


5.0 


3125 


-1.816 


0.0714 


16:06:26.37-23:06:11.4 


13.205 


-14.4 


-10.0 


— 


— 


4.1 


3.2 


— 


— 


2.2 


2.2 


— 


— 


1.86 


1.29 


0.88 


1.06 


3.5 


5.5 


3060 


-1.871 


0.0654 


16:11:34.70-22:19:44.3 


13.242 


-7.1 


-33.3 


-30.0 


-19.4 


3.7 


3.5 


3.0 


3.0 


2.4 


2.3 


2.7 


2.4 


2.20 


1.35 


0.88 


1.06 


3.5 


5.75 


3025 


-1.890 


0.0633 


16:11:26.30-23:40:06.1 


13.404 


— 


— 


-7.4 


-7.9 


6.0 


5.2 


3.7 


3.1 


— 


3.1 


2.8 


2.0 


2.26 


1.35 


0.88 


1.07 


3.5 


5.75 


3025 


-1.955 


0.0556 


16:13:34.76-23:28:15.7 


13.485 


-9.7 


-11.2 


-10.3 


-8.7 


3.5 


3.5 


4.0 


3.5 


2.3 


3.0 


2.7 


3.1 


2.17 


1.33 


0.86 


1.01 


3.1 


5.75 


3025 


-1.987 


0.0516 


16:13:26.66-22:30:35.0 


13.515 


— 


-8.2 


— 


— 


— 


3.1 


— 


— 


3.1 


3.9 


— 


— 


2.54 


1.65 


0.88 


1.12 


3.9 


6.25 


2910 


-2.003 


0.0496 


16:12:46.92-23:38:40.9 


13.601 


-17.8 


-12.7 


-13.8 


-17.4 


3.7 


3.9 


4.4 


3.3 


3.9 


4.8 


3.8 


— 


2.59 


1.61 


0.86 


1.16 


4.2 


6.25 


2910 


-2.038 


0.0453 


16:11:57.37-22:15:06.8 


13.668 


-8.1 


-8.9 


-9.2 


-8.8 


3.4 


3.3 


2.8 


3.7 


2.4 


3.0 


— 


2.9 


2.16 


1.35 


0.87 


1.06 


3.5 


5.75 


3025 


-2.060 


0.0424 


16:16:45.39-23:33:41.6 


13.726 


— 


— 


-9.5 


-7.6 


— 


— 


4.7 


3.7 


— 


— 


3.4 


3.4 


2.28 


1.38 


0.85 


1.06 


3.5 


5.75 


3025 


-2.084 


0.0398 


16:13:42.64-23:01:28.0 


13.718 


-9.5 


-9.7 


-10.8 


-7.3 


4.7 


3.9 


4.4 


3.6 


2.9 


4.2 


3.5 


4.1 


2.50 


1.51 


0.85 


1.15 


4.1 


6.25 


2910 


-2.084 


0.0397 


16:11:38.37-23:07:07.5 


13.743 


-14.9 


-7.8 


-11.9 


-9.4 


3.4 


3.3 


3.8 


3.1 


2.7 


3.0 


2.8 


2.4 


2.37 


1.51 


0.87 


1.12 


3.9 


6.25 


2910 


-2.094 


0.0391 


16:15:36.48-23:15:17.6 


13.935 


— 


— 


-11.8 


-12.0 


— 


— 


4.2 


3.9 


— 


— 


3.6 


3.7 


2.28 


1.38 


0.85 


1.08 


3.6 


5.75 


3025 


-2.167 


0.0349 


16:14:32.87-22:42:13.5 


14.163 


-73.4 


-88.1 


-59.8 


-64.8 


3.7 


2.9 


3.3 


2.4 


— 


— 


3.7 


2.5 


2.38 


1.85 


0.90 


1.26 


4.8 


6.5 


2935 


-2.262 


0.0297 


16:11:54.39-22:36:49.3 


14.274 


-10.3 


-9.3 


-14.5 


-16.8 


4.2 


3.7 


4. 1 


3.7 


5.5 


4.0 


5.0 


3.9 


2.60 


1.53 


0.85 


1.14 


4.0 


6.25 


2910 


-2.307 


0.0286 


16:09:29.39-23:43:12.2 


14.202 


-8.9 


-18.9 






4.4 


3.1 






6.9 


5.8 






2.72 


1.95 


0.83 


1.29 


5.0 


7.5 


2800 


-2.270 


0.0295 


16:08:07.45-23:45:05.6 


14.398 


-81.0 


-56.6 






3.6 


3.6 








3.4 






2.11 


1.71 


0.91 


1.23 


4.7 


6.5 


2935 


-2.356 


0.0273 


16:10:30.14-23:15:16.8 


14.367 


-6.3 


-5.7 


-19.4 


-21.3 


3.1 


3.2 


2.9 


3.1 




4.6 




5.1 


3.04 


1.87 


0.89 


1.23 


4.6 


7.0 


2880 


-2.344 


0.0276 


16:13:40.79-22:19:46.1 


14.721 










2.2 


3.3 


2.3 


3.5 










3.40 


1.92 


0.89 


1.37 


5.6 


7.5 


2800 


-2.478 


0.0243 


16:14:21.44-23:39:14.8 


14.968 






-43.0 


-35.3 






4.2 


4.7 






4.7 














7.0 


2880 


-2.584 


0.0216 


16:08:30.49-23:35:11.0 


14.879 


-97.4 


-311.7 






3.4 


3.7 








5.7 
















8.5 


2550 


-2.533 


0.0229 


16:06:48.18-22:30:40.1 


14.926 


-1780.0 


-729.8 






4.1 


5.9 
























8.5 


2550 


-2.552 


0.0225 


16:07:23.82-22:11:02.0 


15.202 


-671.0 


-431.5 






1.0 


3.4 
























7.5 


2800 


-2.670 


0.0195 


16:10:47.13-22:39:49.4 


15.258 




-55.3 


-28.9 




4.8 


5.1 


3.3 


3.5 




















8.5 


2550 


-2.684 


0.0191 



r 

o 

& 

re 
c 
re 



en 
cr 
3 

-8 
p. 

o 
tL 
t« 
13 
re 
o 
c? 
o 
y. 
o 
o 

13 

•< 



3 

a. 

I 

3 



^3 



C/3 
o 
o 



16:06:03.75- 
16:06:06.29- 
16:06:48.18- 
16:07:14.79- 
16:07:23.82- 
16:07:27.82- 
16:07:37.99 
16:08:18.43- 
16:08:28.47- 
16:08:30.49- 
16:08:47.44- 
16:08:43.44- 
16:09:18.69- 
16:10:47.13- 
16:12:27.64- 
16:12:28.95- 
16:13:02.32- 
16:14:21.44- 
16:14:41.68- 



22:19:30.0 
23:35:13.3 
22:30:40.1 
23:21:01.2 
22:11:02.0 
22:39:04.0 
22:42:47.0 
22:32:25.0 
23:15:10.4 
23:35:11.0 
22:35:47.9 
22:45:16.0 
22:29:23.7 
22:39:49.4 
21:56:40.8 
21:59:36.1 
21:24:28.4 
23:39:14.8 
23:51:05.9 



15.853 
16.204 
14.926 
16.556 
15.202 
16.810 
16.757 
16.099 
15.449 
14.879 
15.688 
18.585 
18.083 
15.258 
17.141 
16.407 
17.169 
14.968 
16.069 



12.00 
10.00 
8.00 
10.00 
11.00 
11.00 
10.00 
10.00 
11.00 
9.00 
9.00 
11.00 
11.00 
9.00 
10.00 
11.00 
10.00 
7.00 
11.00 



1950 
2250 
2710 
2250 
2100 
2100 
2250 
2250 
2100 
2400 
2400 
2100 
2100 
2400 
2250 
2100 
2250 
2880 
2100 



-2.886 
-3.031 
-2.552 
-3.172 
-2.630 
-3.273 
-3.252 
-2.989 
-2.729 
-2.521 
-2.844 
-3.983 
-3.782 
-2.672 
-3.406 
-3.112 
-3.417 
-2.584 
-2.977 



0.0167 
0.0148 
0.0224 
0.0131 
0.0202 
0.0118 
0.0121 
0.0153 
0.0188 
0.0229 
0.0172 
0.0054 
0.0067 
0.0196 
0.0104 
0.0138 
0.0102 
0.0216 
0.0154 
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Appendix B: 
field 



Classification of stars in the AAOmega 



The full sample of over 600 stars in the AAOmega field assigned 
to a fibre in addition to the USco member candidates is available 
electronically (Table fBTTb . An example of the table is provided 
below for guidance only. Columns 1 and 2 give the coordinates 
(J2000); Columns 3-7 the ZYJHK photometry, Columns 8-9 
the proper motions (in mas/yr) in right ascension and declina- 
tion, respectively; Column 10 the spectral types based on the 
visual comparison with the templates listed below; and Column 
1 1 the name give prior to the fibre assignment. 

This sample can be divided into several groups, each of them 
characterised by one template with a good quality spectrum (see 
Fig. IB. 21 ). Spectral types of M dwarfs should be accurate to half 
a subclass whereas others are tentative spectral types. The tem- 
plates are: 

• UGCS J160709.43-234031.8 or field6062 classified as 
M1.5 

• UGCS J160709.43-234031.8 or field3147 classified as M2 

• UGCS J160709.43-234031.8 or field4452 classified as 
M2.5 

• UGCS J160709.43-234031.8 or field2656 classified as M3- 
M3.5 

• UGCS J160709.43-234031.8 or fieldl771 classified as M4 

• UGCS J160709.43-234031.8 or field6901 classified as 
M4.5 

• UGCS J160709.43-234031.8 or fieldl296 classified as 
M5.25-5.5 

• UGCS J160709.43-234031.8 or field633 classified as 
M5.75-M6 

• Four objects classified as dM6+ i.e. later than M6 

• UGCS J160634.44-231517.7 or field3830 is classified as a 
late-K/early-M 

• UGCS J160709.43-234031.8 or field2636 is classified as a 
late-K/early-M 

• UGCS J160733.42-224609.4 or field477 is classified as 
late-K/early-M and show a different level of reddening than 
field3830. The position of these objects in the (H - K,J - H) 
colour-colour diagram (Fig. IB.U corroborate t he classifica- 
tion as dwarfs rather than giants (e.g. Fig. 5 in Dobbie et al. 
2002a). However, we can not rule our that some giants are 
included in this sample 

• UGCS J160544.57-231310.6 or field522 is classified as a 
late-K dwarf or giant 

• UGCS J160632.31-224817.2 or fieldl530 is classified as a 
late-G giant. Sources in this group show similar features but 
may have different levels of reddening 

• Two white dwarfs: UGCS J160757.34-231248.5 (field4930) 
and UGCS J160917.16-231020.1 (fieldl861) 

• Three young active flare M dwarfs, see Sect. 

• 18 objects unclassified 

• 1 1 objects with no signal 
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Appendix C: Proper motion non members 



Appendix D: Candidates with proper motion and 
equivalent widths satisfying membership 
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Fig. B.2. Example of optical spectra obtained with AAT/AAOmega for for stars in the AAOmega field not selected as photometric 
candidates. Spectra are normalised at 7500A and offset for clarity. Left: A sample of field M dwarfs with spectral types ranging 
from Ml to M6. Right: A sample of late-K/early-M dwarfs, giants, white dwarfs, and young active M dwarfs. 

Table B.l. Coordinates (J2000), ZYJHK photometry, and proper motions (in arcsec/yr) of stars in the AAOmega field ordered by 
increasing Z magnitude. 



RA 
h s m 



dec Z Y J H K fi a cos 6 fi6 

° ' " mag mag mag mag mag mas/yr mas/yr 



SpT 



Name 



16:07:03.10 



-23:31:46.3 12.024 11.539 10.982 10.393 9.792 



10.21 



-24.90 M3-M3.5 



field229 



16:15:28.01 -23:08:09.6 17.489 16.816 16.263 15.698 15.339 -67.67 57.84 M5.25-M5 field31105 



Table C.l. Proper motion non members from lLodieu et al.l d2007bl) observed during our AAOmega spectroscopic follow-up. 



UScoJ... 




Z 


[i a cos 6 




SpT 


HffEW 


Na I EW 


Li 


PM 


Memb 


UCAC PM 






mag 


mas/yr 


mas/yr 




A 


A 








mas/yr 


160827.38- 


-221729.4 


12.76 


+0.38 


-8.08 


M5.0 


-9.2 


1.8 2.0 (3.8) 


Y 


>2cr 


Memb 


-10.6 -19.4 


160834.60- 


-221156.0 


13.77 


-7.13 


-5.24 


M4.5 


-12.2 


1.6 1.9 (3.5) 


Y? 


>2cr 


Memb 




160907.80- 


-233954.6 


13.44 


-17.08 


-3.69 


M5.5 


-11.7 


1.5 2.0 (3.5) 


Y? 


>2cr 


Memb 




160908.88- 


-221747.0 


14.12 


-36.50 


-29.63 


M5.75 


-17.4 


2.2 2.6 (4.8) 


Y? 


>2.5(T 


Memb 




161000.23- 


-231219.4 


15.95 


-33.51 


-14.21 


M6.0 


-8.5 


2.8 3.4 (6.2) 


Y 


>2tr 


NM 




161019.48- 


-233109.0 


14.84 


-5.10 


-2.45 


M5.75 


-10.0 


1.3 1.8(3.1) 


Y 


>2cr 


Memb 




161412.41- 


-221913.3 


12.47 


+8.80 


+0.24 


M4.5 


-7.0 


1.6 1.7 (3.3) 


Y 


>3cr 


Memb 


-9.1 -23.8 


161516.07- 


-234510.5 


13.59 


-11.05 


+3.86 


M5.0 


-13.5 


1.6 1.9 (3.5) 


Y 


>2.5o- 


Memb 




161538.48- 


-234156.1 


13.40 


-32.06 


-16.17 


M5.0 


-8.4 


1.8 2.1 (3.9) 


Y 


>2tr 


Memb 




161620.16- 


-234414.4 


12.08 


-33.21 


-11.33 


M5.0 


-9.8 


1.8 2.2 (4.0) 


Y 


>2.5a 


Memb 


-12.2 -27.4 
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Table D.l. List of 50 candidates with proper motion within 3<x from the cluster mean motion and with equivalent widths measure- 
ments of He and the Na I doublet consistent with membership. The eight proper motion non members reclassified as candidate 
members and listed in Table IC.ll are not included. We have added at the top of the table the two accreting sources with proper 
motions consistent with USco for consistency. 



R.A. 


dec 


Z 


Y 


J 


H 


K 


fi a cos 6 




Ha EW 


Na I EW 


SpT 


h m s 




ma (7 


map 


ma (7 

mag 


map 

mag 


map 


mas/yr 


mas/yr 


A 


A 




1 6-07-29 59 


-23-08-22 4 


12.815 


12.365 


11.749 


10.970 


10.188 


-30.12 


-29.77 


-158 


5.1 


M3.0 


16-14-50 SI 

J. VJ. IT.JUiJl 


-23-32-40 

_-_» . «_JZ..^VJ. VJ 


12.758 


12.218 


11.605 


10.803 


10.067 


-18.21 


-16.37 


-108 


3.0 


M4.5 


16-05-54 1 3 

1 VJ . UJ .^J*T. 1 _7 


-77-57-70 1 


13.720 


13.392 


13.008 


12.337 


12.124 


-17.98 


2.37 


-2.9 


3.3 


K7.0 


i 6-05-50 1 6 


Z._>. 1 J . 3\J. J 


14 70(S 

l^t. / 7U 


14 S76 

It. J / u 


1 S 801 

1 J.07 1 


13.242 


12.980 


-70 OS 

ZU.7J 


-19.70 


—7.4 


4 7 


M4.0 


16-06-71 4S 

lU.UU.i 1 .t J 


-9^-06-^Q 7 


14.434 


14 057 

It. UJZ 


13.624 


1 7 057 


12.708 


-7 58 

Z.JO 


-27 80 

ZZ. 07 


—7 5 

Z.J 


S 7 

J . / 


M2.0 


lfi-Ofi-33 1 1 

1U.UU. J J. 1 1 


_ 99-^0-07 6 


14 SI 8 

It. J 1 o 


14 015 

1 t.U 1 J 


1 S 570 

1 J.J / 7 


12.942 


12.701 


5 08 

J -UO 


-7 7S 
/ . / j 


—8 7 
o.z 


S 5 
j.j 


M2.0 


16-06-40 45 


-72-74-55 


14.935 


14.467 


13.972 


13.307 


13.005 


-0.63 
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